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Optimizing soybean yield by better management of 
radiation and water use! 
James E. Specht, Professor, Agronomy & Horticulture, University of Nebraska 
Humans grow crops to harvest the sun. This might seem like a simplistic statement, but plants 
are the only living species on this planet that can directly convert solar energy into chemical 
energy in the form of food, fiber, or fuel. The photosynthetic production of vegetative and seed 
biomass can be described with this simplified reaction: 
C02 + 2H20 + energy---+ 02 + CH20 + H20 
This reaction, powered by solar radiation, converts a carbon atom from its most oxidized form 
-carbon dioxide (C02) to a more reduced form- carbohydrate (CH20) while simultaneously 
converting the oxygen in water (H20) from its most reduced state to its most oxidized state (0). 
Reduced forms of carbon are important sources of chemical energy for humans. For example, 
methane (CH4)- the most reduced form of carbon- can be used as an energy source in power 
plants. Given the fact that plants can capture the abundant solar energy arriving at the earth's 
surface to produce food and/or fuel, one would logically infer that it would be in the best 
interests of crop producers to help crop plants optimize the collection of that radiation via better 
crop management. There are, in fact, at least two crop management practices that producers can 
use to accomplish that. 
But first let us take another look at the above simplified photosynthetic reaction. It is clear that 
one H20 molecule is needed for each C02 that is converted to a CH20. If this l: l ratio were 
truly the case in crop production, we humans would have to give our crop plants a standing 
ovation for feeding and fueling us so efficiently! Unfortunately, this is not the case. To acquire 
C02, plants must open pores in their leaf surfaces (known as stomates) to allow atmospheric C02 
molecules to enter the leaf interior, where those molecules can then be captured and fixed by the 
plant chloroplast enzyme known as Rubisco. However, when those stomatal pores are open, H20 
molecules will quickly exit the highly humid leaf interior for the drier air outside the leaf. This 
process of water loss from the leaf is known as transpiration. Photosynthetic C02 acquisition and 
transpiratory H20 loss are thus inextricably linked, in the sense that a C02 molecule cannot be 
acquired through the stomatal pore without a simultaneous exit of hundreds of H20 molecules 
from that same pore. The consequence of this linkage is that the seasonal amount of vegetative 
and seed biomass (B) produced by a crop is invariably proportional (i.e., linearly linked) to the 
seasonal amount of crop transpiration (T). This is reflected in the below equation, in which P 
symbolizes the season-specific proportionality constant that represents the incremental amount 
of biomass gained per incremental unit of (simultaneous) transpiratory water loss: 
B=PxT 
The proportionality constant Pis often otherwise known as a season-specific water-use-efficiency 
(WUE) constant. For seed crops like soybean, seed yield (SY) is of more interest than biomass. 
The seed fraction of final biomass is termed the harvest index (HI), and except in the case of 
severe drought, HI does not change much over a wide range of water conditions (Purcell and 
Specht, 1994). As a result, HI is effectively the proportionality constant that relates seed yield 
with biomass: 
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SY = B x HI 
Substituting the previous equation for B into the above equation results in an equation that 
shows that seed yield is also linearly related to transpiration: 
SY = (P X T) X HI 
For a C-3 photosynthetic crop species, like soybean , growing on a typical North Central USA 
mid-summer day, about 400 water molecules will escape from a leaf stomatal pore for each 
carbon dioxide molecule that is drawn through that pore to be fixed by Rubisco (Nobel, 1991 , 
Chapter 8, Page 455). Taking into account the molecular weights, this translates into a P value 
of 6 kg!ha (5.4 lb/ac) of C02 fixed per 1000 kg!ha (892.2 lb/ac) of H20 transpired. Clearly, crop 
production requires a tremendous amount of water. 
It is important to recognize that while transpiratory (T) water loss is an inevitable consequence 
of plants opening their stomatal pores to acquire carbon dioxide, there is also additional water 
loss in crop production that arises from the evaporation (E) of water from the soil surface of the 
field in which the crop grows. Evapo-transpiration (ET) is the term used to describe the sum of 
those two types of water loss. Replenishment of crop ET water loss during the season is crucial 
to ensure that the capture of solar energy and acquisition of carbon dioxide by the crop is not 
limiting the production of both vegetative and seed biomass. Indeed, soybean seed yield has 
been shown to be a linear function of the degree to which seasonal soybean ET is periodically 
replenished (Specht et al., 2001). Clearly, water is the most common yield-limiting factor in crop 
production. Consequently, any crop management tool that either conserves or increases the soil 
water supply, especially those that reduce the amount of water lost toE, will invariably make 
more water available to the crop for use in T and, as shown by the above equations, more T 
certainly generates more Band SY! 
So, how can a North Central USA soybean producer manage the crop to optimize its use of 
the available solar radiation and water resources? Well, no-till is certainly an important water-
conservation practice, and of course, a narrower row spacing will enable the crop to close 
its canopy sooner. However, let's take a look at a crop management tool that is frequently 
overlooked in this regard. Indeed, let us consider this question: 
Why is an earlier plantingd date a critical factor in soybean yield 
optimization? 
As I will show in this presentation, the yield potential in a soybean crop production system can 
be greatly enhanced if the producer plants the crop as early as possible to allow that crop (l ) to 
collect a greater fraction of the seasonally available solar radiation, and (2) to transpire a greater 
fraction of the seasonally available water (which includes off-season rainfall present as stored 
soil water prior to planting plus in-season rainfall thereafter), and most importantly (3) provide 
more nodes for flowers, pods, and seeds to form. I will be showing research results specific to my 
research location (i.e. , Lincoln, NE), but you will find that the principles are applicable to most 
other North Central locations. 
A few years ago, I and my M.S. graduate student, Angela Bastidas, plus some of my colleagues, 
decided to conduct a very detailed examination of the vegetative and reproductive development 
of soybean cultivars of MG 2.5 to 3.5 when these were grown in four planting dates spaced about 
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16 days apart in the years 2003 and 2004. The first planting date was purposely scheduled to be 
as early as possible, which for the 40.83 degree latitude associated with Lincoln, NE, is typically 
the first day of May (or earlier). With a 16-day spacing between the planting dates, the fourth 
(last) planting date always occurred in mid-june. A paper documenting the results of that 2-year 
study will appear in the jan-Feb 2008 issue of the journal Crop Science (Bastidas et al., 2008). 
The fact that an earlier planting date would provide soybean plants with the opportunity to 
collect more of the seasonally available solar radiation should be intuitive, but to visually 
document this fact , I present to you the graph in Fig. 1. This graph shows the change in the 
amount of daylight (and thus, solar radiation) for the latitude of Lincoln, NE. Sunrise/sunset 
daylight data specific for the latitude of your site of soybean crop production can be obtained by 
going to this US Naval Observatory web site: http://aa.usno.navymiVdata!docs/RS_OneYear.php 
Also presented in the Fig. 1 graph are triangular symbols denoting the calendar dates of May 
3 and April 26, after which the occurrence of a 32 F temperature has a respective probability 
of zero or 20%. These dates are useful to know depending upon the degree of risk a producer 
would be willing to tolerate relative to a late spring frost after planting. Calendar dates for similar 
probabilities of fall frost risk are also shown in the Fig. 1 graph to provide the reader with some 
perspective on the other end of the growing season in Lincoln, NE. Data of a similar kind relative 
to your specific North Central location can be obtained by consulting your state or university 
climate office or web site. 
The risk of a late-spring frost is obviously only applicable after the plants have emerged, so the 
date of emergence (not the date of planting per se) must be taken into account relative to the 
above-listed calendar dates. Germination and seedling emergence in very early planting dates 
can be slow since the soil temperature may be as low as 40 F or lower. On the other hand, 
these processes can occur more quickly than expected if a brief period of abnormally warm 
temperatures occur after an early planting. However, the oft-quoted statement that the soil 
temperature must always be at least 50 F before starting soybean planting is truly antiquated 
advice that originated from the days when producers planted improperly handled bin-run seed 
of low quality or poor condition. Plant breeding has greatly improved the intrinsic seedling vigor 
in modern soybean varieties, and seed companies practice care in producing and conditioning 
the seed they market for sale. Thus, unless the soil is frozen when you want to start soybean 
planting, there is really no need to think much about soil temperature when it comes to starting 
soybean planting. 
Now, let's take a closer look at Fig. l. Note how much more of the season's daily solar radiation 
that could be captured by a crop if you were to advance its planting date from mid-june to early 
May In fact , as an exercise, take your pencil and shade in the area under the daylength curve 
from the vertical line denoting a mid-june planting date to the vertical line denoting the expected 
average fall frost date, and thus the end of the growing season. Your pencil-shaded amount 
essentially sums up how much daily solar radiation your late planted crop could theoretically 
capture if it could somehow generate leaves that would cover the inter-row bare ground the 
day after you plant (an unrealistic assumption, of course, but bear with me while I try to hit 
home my point here) . Now take your pencil and continue shading the areas all the way to the 
vertical line denoting the early May planting date . This exercise should make it clear that there is 
additional solar radiation in the growing season that your crop could collect if you were to plant 
it earlier. 
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As I previously noted in my above equations and explanations, any (any!) crop that produces 
biomass is going to transpire water while doing so. Thus, the seasonal amount of transpiration 
will be directly related to the amount of biomass produced, so if you increase the biomass by 
capturing more solar radiation, you are certainly going to increase the transpiratory water loss. 
There is no free lunch! In Fig. 2 is a graph showing cumulative sum of daily 2007 ET values for 
the four planting dates at Lincoln, NE. The data were simulated with the well-known Penman 
equation for estimating daily soybean ET (using the standard soybean seasonal crop coefficient 
values) and using in each planting date a hypothetical cultivar having a GDD suitable for 
attaining stage R7 just prior to the expected average fall frost date depicted in the graph. Stage 
R7 is essentially physiological maturity. Note that the earlier the planting date, the greater the 
ET, which means that earlier planted crops will require a greater supply of water to sustain this 
greater ET. This may be surprising, but remember that the generation of more biomass (and 
more seed yield) intrinsically requires more crop transpiration (see the equations). What Fig. 2 
does not visually demonstrate is that an earlier planting leads to an earlier covering of the inter-
row space by crop's leaf canopy. This event has two impacts. First, solar radiation that hitherto 
had fallen uselessly on the soil surface between the rows of plants will now be intercepted by the 
leaf canopy earlier in the season (which is desirable, as noted in Fig. 1). Second, as the soybean 
leaf canopy coverage over the soil surface becomes denser, the within-canopy air space becomes 
less susceptible to wind movement and thus becomes more humidified. This , in turn, lessens the 
evaporation of water from the soil surface, allowing any such saved water to become available for 
transpiration. 
Now, let us now take a look at two pictures of the four 4-row strips (30-inch row spacing) of 
soybean plants growing in the four planting dates (Fig. 3). These two pictures were snapped 
just a few days after the June 21 summer solstice in 2003 and 2004 experiments (Bastidas et 
al. , 2008). In each of these pictures, you can easily see that much more leaf canopy is available 
for collecting solar radiation in the earliest planting date (versus that of the three other planting 
dates). You will also want to compare these pictures with the graphs of seasonal daylength 
and seasonal soybean ET that are shown in Figs. 1 and 2. Indeed, locate the June 26 and 24 
calendar dates on the upper X-axis in these two graphs, since these correspond to the 2003 and 
2004 picture dates in Fig. 3. Clearly, even though instant canopy closure after planting does 
not occur (i.e., the unrealistic scenario I offered earlier) , there was sufficient time for the earliest 
planting date to achieve near-closure of the canopy by the dates of these late June pictures. In 
fact, canopy closure occurred in the earliest planting date by the end of the first week in July. 
Most every season, I hear corn producers and agronomists quoting this rhyme: "get that corn 
shoulder-high by the 4'h of]uly". For soybean producers, an equivalently suitable rhyme to 
indicate canopy closure might be "get it green to the eye by the 4th of July" . 
Upon reaching this point in this presentation, an astute reader is inevitably going to ask this 
question: "Why bother with earlier soybean planting when you can simply use narrow rows to 
achieve an earlier canopy closure and thus also ensure an earlier collection of solar radiation?" In 
fact, narrow-row soybean production should always be used whenever possible, because that reader is 
correct with respect to two of the three points I listed earlier: (l) collect more solar radiation, and 
(2) move more of the available soil moisture from E and into I. Earlier canopy closure accomplishes 
these two goals. In fact, the two pictures displayed in Fig. 4 were taken on 26 June of 2003 (again 
near the summer solstice) of soybean plants growing in blocks of either a 30-inch or a 15-inch 
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row spacing that were planted on 13 May 2005 (which was an insufficiently early planting by my 
standards). Note that canopy closure was nearly complete in the narrow-row planting picture. 
However, let's go back to the reader's question and take a closer look at it. Should one buy 
into the implicit feature of the argument that "narrow rows can substitute for early planting". 
Well, planting narrow rows early can certainly be problematic in those no-till systems that have 
considerable corn residue , due to the lack of suitable no-till narrow-row planter equipment for 
attaining good seed-to-soil contact (and thus a uniform within-row spacing of emerged plants). 
In addition, narrowing the rows may not even be possible in some situations, such as the ridge-
tilled, furrow irrigation cropping systems used in Nebraska and elsewhere. However, even if 
these reasons were pertinent, narrow-row planting should never be used as a reason to avoid early 
planting. 
The reason why later-planted narrow rows will not substitute for early planting was discovered 
when we examined soybean vegetative and reproductive development in our 2003-04 planting 
date experiment (Bastidas et al., 2008). In Fig 5 is shown the 2003 vegetative and reproductive 
data that was presented Angela's Crop Science paper. (Note: The 2004 data had a similar 
pattern, but to save space, these data are not presented here) . The most surprising finding in our 
experiment was that the successive appearance of new nodes on the main soybean stem after Vl 
was NOT accelerated by the steady rise in temperature from early spring to mid-summer (see top 
graph of Fig. 5). In fact, the node accrual rate was a constant 0 .2 7 node per day (between Vl and 
R5) in all three 2003 May planting dates, and surprisingly even a little slower (0 .24 nodes per 
day) in the mid-June 2003 planting date. Identical results were obtained in 2004. This finding 
contradicts the oft-quoted statements in the Fehr and Caviness (1980) paper that: (l) from 
emergence to the fifth node, a new node appears on the main stem about every five days, but 
that this could vary from three to eight days , and (2) after node five , a new node appears on the 
main stem about every three days, but could range from two to five days, depending upon the 
temperature. Angela found that in the first three planting dates in both 2003 and 2004, there was 
an invariant phyllochron of 3. 7 days between the appearance of one node on the main stem and 
the appearance of the next node, and that this phyllochron prevailed after the attainment of stage 
Vl until (in the case of indeterminate cultivars) node production abruptly ceased at stage R5. 
Moreover, the node accrual regression lines for the four planting dates (shown in middle graph 
of Fig. 5 in red, blue, green and brown) were nearly parallel with each other. This finding leads 
me to tell you , as forcefully as I can, that with a constant phyllochron of 3.7 days between each 
node, a later-planted/emerged soybean plant that attains its Vl stage later than when an earlier-
planted/emerged soybean plant attains its Vl stage can never catch up in main stem node number. 
This is the reason why I italicized last statement in the prior paragraph! 
Let's now take a look at the node accrual data for each planting date when expressed on a days 
after planting basis, as shown in Fig. 6 (for both 2003 and 2004). The graphs make it very clear 
that Vl and R5 are critical stages when it comes to main stem node accrual. Stage Vl demarks 
the beginning point in nodal development , when the node accrual rate becomes temperature-
insensitive and thus constant. Stage R5 demarks the end point of linear node accrual, 
presumably because the demand of developing seeds for all available photosynthate increases 
to the point that little or none is left for the main stem apex to sustain node production. It is of 
interest to note that only the pre-Vl phase of seasonal vegetative development was sensitive to 
temperature. This phase of development begins with the imbibition of water, which is followed 
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by germination, seedling emergence (VE), and the opening/expansion of the cotyledons (VO). 
Anatomically, the cotyledonary (VO) and unifoliolar nodes (V1) are already present in a mature 
harvested seed. It is of interest to note that almost fifty years ago, johnson et al. (1960) observed 
that by 35 days after a mid-May planting (i.e., about V4 or V5 in Fig. 6), a soybean stem apex 
had already produced all of the leaf primordia that would eventually appear on the main stem 
(i.e., 19 total nodes, though most of those would be only microscopically visible). 
So why do producers find that soybean plants in mid-May plantings, and often in a late May 
plantings too, are as tall (or almost as tall) as the plants in early May plantings? This was also 
evident in our 2003-2004 experiment (Bastidas et al., 2008)- see Fig. 7. Final plant height did 
not increase linearly with earlier planting, as one might expect given the node number advantage 
that results from advancing the date of V1 with earlier planting. In fact , plant height tends to 
plateau as the planting date is advanced. Why is this so? 
Well, when we examined stem internode lengths in the 2003-2004 planting date experiment, 
a parabolic-like pattern was observed (from node 3 upward) in all planting dates (Fig. 8). 
Mathematicians generally use a Lorentzian curve model to analyze this kind of data, as this curve 
has three easily computable parameters as shown in the Fig. 8 graph. Planting date had surprisingly 
little impact on the length of the longest internode (i.e., peak amplitude), which had a modeled 
value of 8.6 em (i.e., 3.4 in) in each planting date of each year. The 45-day delay from the first to 
the last sowing date lowered the nodal position (peak center) of this longest internode from the 
bracketing main stem nodes of ll-12 in plants grown in the earliest planting date to nodes of 9-10 
in plants grown in the latest planting date. Note that the lengths of the internodes below the longest 
internode were shorter in the earlier (versus the later) planting dates, which was due to cooler 
coincident temperatures that prevailed during the development of those internodes in the earlier 
planting dates. It must be kept in mind that internode length plays a larger role in determining 
plant height than does node number per se. Thus, longer lower internodes are the reason why 
plants in later planting dates can "catch up" in plant height with plants in earlier planting dates, 
even though the latter have more nodes. However, take a look at a soybean plant. Which would 
you rather have -longer internodes or more nodes (where flowers, pods, and seeds can be found)7 
The answer, of course, is in the parenthetic attachment to that question. 
In Angela's planting date experiment, the time span between V1 and R1 was a remarkably near-
constant 28 to 31 days, reflecting the dependency of the R1 date on the date of V1. In a paper 
that unfortunately did not receive much recognition, Wilkerson et al. (1989) evaluated MG 3 
cultivars grown in chambers at constant 26°C temperature in a strongly inductive photoperiod, 
and documented that floral induction commenced at VO and was completed at V1 (defined as 
a seedling with fully expanded cotyledons and fully expanded unifoliolate leaves, but barely 
unfolded first trifoliolate leaflets) . Many agronomists erroneously believe that soybean flowering 
cannot occur until after the summer solstice, when the days start to shorten, forgetting about 
the symmetry evident in Fig. 1, which shows that days of similar shortness also occur before the 
solstice. They just need to remember that floral induction occurs at least four weeks before the 
flower appears. In any event, relative to soybean varieties bred for adaptation to North Central 
latitudes (i.e., MG 2.5 to 3.5 for the latitude of Lincoln, NE), the photoperiod during any part 
of the growing season is sufficiently short enough to cause floral induction in any axillary bud 
that forms at any time in any fully developed node or any newly formed primordial node in a 
developing soybean plant. Thus, floral induction will not only commence in a stage VO plant (i.e. 
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defined as a seedling with fully expanded cotyledons but barely unfolded unifoliolate leaves), 
it will continue to occur as that plant continues to develop new nodes and new axillary buds at 
these nodes. 
Now that you know why early planting is important for optimizing the number of nodes per 
plant (which is an important yield component), you are probably now quite interested in the 
yield data obtained in Angela's 2003-2004 planting experiment. Fourteen soybean varieties of 
MG 3.0 to 3.9 were evaluated in each of the four replicates of the four planting dates . The seed 
yield data are presented in Fig. 9. The yield response to earlier planting was nearly perfectly 
linear in both years , and did not show any trend towards a plateau in yield that has often been 
observed in other planting date studies. This difference may be due to the fact that we used seed 
treated with fungicide and a systemic insecticide to mitigate the confounding effects of seedling 
pathogens and the seedling injury and BPMV infection arising from bean leaf beetle feeding. As 
can be seen from the graph in Fig. 9, the yield loss (averaged over varieties) arising from delaying 
the planting date by just one day was about 5/8 of a bushel per acre in 2004 and about 1/4 of a 
bushel per acre in 2003. Assuming that the soybean per bushel price is $8 .00, a delay of planting 
delay cost $5.00 per acre in 2004 and $2.00 per acre in 2003. How many of you do not even 
start soybean planting until May 20? 
After the completion of the planting date study, I remember joking to my colleagues that if 
the soybean price per bushel were $8.00 , and I had somehow decided on a whim to delay 
the planting of one soybean acre on my farm in great soybean year of 2004, I should have 
immediately taken a Lincoln greenback out of my billfold and burned it. Yes , it's that simple. 
Planting date decisions like that do have consequences' 
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Figure 1. This graph displays the seasonal daily change in day length (curved line) at Lincoln, NE. The spring and 
fall equinoxes occur on 21 March (Day 80) and 21 September (Day 264). The summer solstice -the year's longest 
day length (denoted by circles)- occurs on 21 June (Day 172). The base-line triangles denote the days of the year 
associated with a zero probability (far left and far right triangles) or a 20% probability (inside two triangles) of a later-
than-that-day spring frost (32 F) or an earlier-than-that-day fall frost (32 F). The vertical lines denote (from left to right) 
planting dates of early, mid-, & late May, plus mid-June, as discussed in this paper. 
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Figure 2. This graph displays the seasonal cumulative pattern of daily soybean evapo-transpiration (ET) expected 
with planting dates of May 1, May 16, May 31, and June 15 (i.e., the top to bottom lines, respectively), using a 
hypothetical soybean variety with a respective growing degree day (GOD) value of 3000, 2825, 2600, and 2300 to 
ensure (for comparative purposes) thatthe crop in each planting date attained stage R7 (physiological maturity) on 
Day 266. The in-graph numbers denote the end-of-season total crop ET in each planting date. These simulation data 
were generated using the standard Penman equation and 2007 weather data from a Lincoln, NE automated weather 
station operated by the High Plains Regional Climate Center (web site: http://www.hprcc.unl.edu/). 
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PLANTING DATES 
Figure 3. These two pictures, which were taken on the indicated June dates of 2003 and 2004 (i.e., just a few days 
after the 21 June summer solstice) show four 4-row strips of soybean varieties (in 15-foot plots) planted on the four 
dates denoted by the field signs. 
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Figure 4. Pictures taken on 26 June 2003 of two blocks planted on 13 May 2003, one with a 30-inch row spacing 
(top), and one with a 15-inch row spacing (bottom). The seeding rate in both was 150,000 viable seed per acre, but 
because of heavy rains after planting, the plant counts on the picture date were 105,000 and 110,000 plants per acre, 
respectively. 
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Figure 5. The top graph shows the daily and moving 15-day mean 2003 air temperatures. The middle and bottom 
graphs show, in each planting date, the attainment dates of the V- and R-stages as described by Fehr and Caviness 
(1980). The cotyledon (VC=VO), unifoliolate (V1 ), and trifoliolate (V2 and higher) numbering system was made 
monotonic by assigning a Vn value of -2 and -1 to the planting and seedling emergence (VE) events (see Bastidas et 
al., 2008). 
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Figure 6. This set of four graphs displays V-stage 
development (vertical axis) versus days after 
planting in each of the four planting dates in 2003 
and 2004. The coincidence of the V1, R1, R3, R5, 
R6, and R7 stages with the tri-phasic pattern of 
nodal development are denoted by vertical lines 
(solid for 2003; dashed for 2004) descending 
from these stage labels at the top of each graph 
to the base line. Also shown in the graphs are 
three boxes that indicate the coincidental air 
temperatures in 2003 (upper number) and 2004 
(lower) averaged over the days from planting 
to V1 (fully expanded unifoliolate leaves). from 
V1 to R1, and finally from R1 to R5. The XO 
value is the number of days from planting to the 
breakpoint separating the temperature-sensitive 
pre-V1 vegetative phase from the temperature-
insensitive post-V1 vegetative phase. V1 is 
the stage at which the unifoliolate leaves are 
fully expanded, so the pre-V1 phase includes 
germination, seedling emergence (VE), and the 
fully expanded cotyledonary stage (VC=VO). The 
82 value is the "slope value" for the linear phase 
of nodal development that extends from about V1 
to about R5, and has units of nodes per day- its 
reciprocal is the phyllochron value. 
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Figure 7. This graph depicts the final plant heights (ground to stem tip) in the four planting dates of 2003 and 2004. 
The planting dates are represented by the graph symbols, earliest (left) to latest (right). 
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Figure 8. Lorentzian curve models of the successive internode lengths (after node 3) on the main stems of plants 
grown in the four planting dates. The 2003 and 2004 patterns were nearly identical, so only the mean data over years 
are shown here. The peak amplitude parameter denotes the length of the longest internode on the main stem, and 
that length was surprisingly the same in the four planting dates (8.6 em= 3.4 in). The peak center parameter denotes 
the nodal position of the longest internode in each planting date. In the graph, the internode residing between two 
main stem nodes is given the label of the upper bracketing node (e.g., 12 if between nodes 11 and 12). The peak half-
width parameter (expressed in terms of nodes spanned) was measured at peak half-height, denoted by the horizontal 
line in graph. 
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Figure 9. This graph depicts the four planting date mean seed yields, averaged over the 14 cultivars and 4 replicates, 
in the years of 2003 and 2004. The planting dates are represented by the graph symbols, earliest (left) to latest (right). 
A linear regression analysis the indicated regression coefficients, which reflect the reduction in seed yield that 
occurred per day of delay in planting date in each year. 
